Cellulose acetate (CA) membranes blended with polyethylene glycol 600 (PEG 600) for treatment of municipal sewage were prepared by a Loeb-Sourirajan (L-S) phase inversion process. Cellulose acetate (CA), polyethylene glycol 600 (PEG 600) and N, N-dimethylformamide (DMF) were used as polymer, additive and solvent, respectively. The effects of additive (PEG 600) concentration on the membrane performances such as permeability and mechanical properties were investigated. The experimental results indicated that the properties of the membranes were improved due to the addition of PEG 600. The pure water flux of membranes went up with increasing of PEG 600 concentration in the casting solution. Both of the porosity and the mean pore size of the membranes blended with PEG 600 were increased compared to that of the pure cellulose acetate (CA) membranes. Due to the addition of PEG 600, the mechanical properties of membranes were also enhanced.
Introduction
Cellulose acetate (CA) is one of the first polymeric membrane material used specifically for aqueous base separation [1] . CA membranes have good toughness, high hydrophilicity, good desalting, high potential flux, and relatively low cost thus they have been widely applied for reverse osmosis, ultrafiltration(UF), microfiltration, and gas separation [2] [3] [4] . The technologies mentioned above have been applied in the domain of water treatment, waste water treatment, food processing industry and pharmacy industry, etc [5] [6] .
A wide range of parameters have been checked concerning the membrane formation mechanism and consequently the membrane morphology and permeability such as polymer concentration in casting solution and presence of certain additives [7] [8] [9] , etc. Ehsan Saljoughi [7] used polyvinylpyrrolidone (PVP) as the additive to improve the permeability of CA membrane.
In this study, PEG 600 was chosen as the additive. Pure CA membranes and CA membranes blended with PEG 600 were prepared by a Loeb-Sourirajan (L-S) phase inversion process. The UF properties of prepared membranes were characterized by pure water flux, rejection ratio of a bovine serum albumin (BSA) solution (1 g/L), porosity and mean pore size. The mechanical properties of both pure CA membranes and CA membranes blended with PEG 600 were also measured.
Experimental Materials and Methods

Materials
The Cellulose Acetate (CA) was purchased from Sinopharm Chemical Reagent Co., Ltd (China). PEG 600 and bovine serum albumin (BSA) were purchased from Shantou Xilong Chemical Plant (Shantou, China) and Beijing Aoboxing Biological Technology Co., Ltd. (Beijing, China), respectively. and N,Ndimethylformamide (DMF) were purchased from Beijing Chemical Plant (Beijing, China).
Preparation of the composite membranes
Membranes were prepared by a Loeb-Sourirajan (L-S) phase inversion process. A quantity of CA (16 wt %) and PEG 600 (different concentrations) were dissolved in the solvent of N,N-dimethylformamide (DMF). The casting solution was obtained by swaying at 50 °C in the table concentrator for 24 h (constant-temperature table concentrator, SHK-99-II, Beijing North TZ-Biotech Develop Co., China). After vacuum degassed (with a vacuum degree of -0.1 MPa.), an appropriate amount of the solution was dispersed uniformly on a glass plate at ambient atmosphere. After exposed in air for 10 s, the glass plate was immersed into water bath at room temperature. After complete coagulating and washing, the membranes were used for characterization.
.Membrane Characterization
Pure water flux and rejection ratio
The pure water flux was tested according to the method described by Zhang et al [10] . The volume of filtered water V (m 3 ) was obtained in some portions of the membrane with a working pressure of 0.1 MPa and a working time [t (h)]. Next, the pure water flux [J w (L/(m 2 ·h))] was calculated with the following equation:
Where V is the volume of filtered water (m 3 ), A is the membrane area (m 2 ) and t is the working time (h). The rejection ratio of the BSA solution (1 g/L) was tested under a working pressure of 0.1 MPa, and the absorbance of the filtered solution was measured at 280 nm with a UV-1801 ultraviolet-visible spectrophotometer (Third Analysis Apparatus Co., Shanghai, China) [10] . The rejection ratio was calculated with the following equation:
Where R is the rejection ratio (%) and A f and A i are the absorbance of the filtered and initial solutions, respectively.
Porosity and mean pore size
The porosity and mean pore size of the membranes were tested according to the method provided earlier by Zhang et al [10] . The membrane, having a known area, was weighed in hygroscopic state and then dried in an oven. The porosity [Pr (%)] and mean pore size [r (m)] of the membrane were evaluated with equations (3) and (4).
Where W w is the weight of the wet membrane (g); W d is the weight of the dry membrane (g); d w is the water density (g/cm 3 ); and A m and L m are the membrane area (cm 2 ) and thickness (cm), respectively.
Where is the viscosity of water (Pa·s), L is the membrane thickness (m), F is the pure water flux (L/(m 2 ·h)), and P is the working pressure (Pa).
Mechanical Properties
In order to evaluate the mechanical properties of membranes, a tensile testing machine (DCP-KZ300, Sichuan, China) was employed to test the tensile strength and elongation-at-break of membranes. The speed of cross head was 20 mm/min. The dried membranes were snipped into the rectangle shape with width of 15 mm and total length of 100 mm. All of the samples of membranes were tested in ambient condition. The data of the pure water flux of different membranes were depicted in Figure 1 . As could be seen from Figure 1 , the pure water flux went up with increasing of PEG 600 contents in the casting solution. The water flux value was only 11.9 L/(m 2 h) for pure CA membrane; however, it dramatically increased to 120.8 L/(m 2 h) when PEG 600/CA ratio reached 10 wt.%. This trend may be explained as follows: PEG 600 is a kind of hydrophilic additive. The affinity between casting solution and coagulation bath (water) could be enhanced by adding PEG 600. The diffusion rate of water could be accelerated by the presence of PEG 600 and thus the process of phase separation could be facilitated. Meanwhile, the formation of vast porous polymer networks and micelle aggregates could be boosted by the existence of PEG 600 in casting solution. Therefore, the membrane with high porosity and pore size was formed. So the pure water flux went up with increasing of PEG 600 contents in the casting solution.
Results and Discussion
Pure water flux and rejection ratio
The BSA rejection ratio results of different membranes were also depicted in Figure 1 . As could be seen from Figure 3 , the values of rejection ratio of BSA were decreased with the addition of PEG 600. This was because the membrane with high porosity and pore size was formed by adding PEG 600 to the casting solution. When PEG 600/CA ratio was 5 wt %, the rejection ratio of BSA could remain at a high level, 73.5 % and the pure water flux value could reach 81.85 L/(m 2 h). When PEG 600/CA ratio was reached 10 wt %, though the pure water flux value was as high as 120.8 L/(m 2 h), the rejection ratio of BSA was at a low level, 46.2 %, which was unsuited for the application of treatment of municipal sewage.
According to the above experimental analysis, a conclusion could be made that the membrane which PEG 600/CA ratio was 5 wt % was more properly for the application of treatment of municipal sewage. The effects of the PEG 600 content on the porosity and mean pore size were listed in Figure 2 . Both porosity and mean pore size of membranes were increased with the increasing of PEG 600 concentration in the casting solutions. The porosity of prepared membranes ranged from 26.6 % to 57.2 %. When the content of PEG 600 was 10 wt % of the CA, the porosity reached its peak value of 57.2 % and increased 115.0 % compared with the pure CA membranes. The similar variation trend was also exhibited in the data of the mean pore size with different content of PEG 600. When PEG 600/CA ratio reached 10 wt %, the mean pore size reached its peak value of 45.7 nm and increased 149.7 % compared with the pure CA membranes. These trends may be explained as follows. Because of the presence of PEG 600 in the casting solution, more pores were formed on the surface of the membrane. PEG 600 is a kind of hydrophilic additive. The diffusion rate between gels (water) and solvent (DMF) could be accelerated by adding PEG 600. The process of phase separation could also be facilitated by the existence of PEG 600. As a result, both porosity and mean pore size of membranes were increased with the increasing of PEG 600 concentration in the casting solutions. When PEG 600/CA ratio reached 5 wt %, the mean pore size reached 33.5 nm and the porosity reached 49.6 %, respectively. Fig.3 . Effects of the PEG 600 concentration on the tensile strength and elongation-at-break of the membranes.
Porosity and mean pore size
Mechanical Properties
The tensile strength and elongation-at-break of the membranes were shown in Figure 3 . Both of the characterizations were enhanced with adding PEG 600 to the casting solutions. The index of the tensile strength firstly increased with the addition of PEG 600, attained its peak value when PEG 600/CA ratio reached 5 wt % and then decreased in the wake of adding much amount of PEG 600 to the casting solutions. A similar variation trend was observed from the data of the elongation-at-break of composite membranes. The data of the elongation-at-break firstly increased with the addition of PEG 600, reached its peak value when PEG 600/CA ratio reached 5 wt % and then decreased with increasing PEG 600 concentration to the casting solutions. These trends may be explained as follows.
The data of the tensile strength and elongation-at-break of the membranes were firstly increased because the viscosities of the casting solutions were ascended with the addition of PEG 600. While when the PEG concentration was larger than 5 wt% of CA, the intrinsic phase equilibrium relationship of the system of casting solution could be changed by adding PEG 600. After adding PEG 600 to casting solutions, the affinity between casting solution and coagulation bath (water) could be enhanced and the process of phase separation was speeded up and thus the membrane with loosened and porous structure was formed. As a result, when the content of PEG 600 was larger than 5 wt% of CA, the tensile strength and elongation-at-break were decreased with increasing the PEG 600 concentration.
In conclusion, the composite membranes which PEG 600/CA ratio was 5 wt % had the best mechanical properties. The tensile strength increased from 6.92 MPa of pure CA membranes to 7.92 MPa of the optimal membranes. The elongation-at-break of the optimal membranes could reach 7.2 %, compared with 6.4 % of the pure CA membranes.
Conclusions
Cellulose acetate (CA) membranes blended with polyethylene glycol 600 (PEG 600) for treatment of municipal sewage were prepared by a Loeb-Sourirajan (L-S) phase inversion process. The permeability of the blended membranes was improved by adding PEG 600.
According to the above pure water flux and rejection ratio experimental analysis, a conclusion could be made that the membrane which PEG 600/CA ratio was 5 wt % was more proper for the application of treatment of municipal sewage. When PEG 600/CA ratio was 5 wt %, the pure water flux of the membranes reached 81.85 L/(m 2 h) compared with 11.9 L/(m 2 h) of the pure CA membranes, and the rejection ratio of BSA solution (1 g/L) remained at a high level, 73.5 %.
Both of the porosity and the mean pore size of the blended membranes were increased with the addition of PEG 600. When PEG 600/CA ratio was 5 wt %, the porosity and the mean pore size of the blended membranes were 49.6 % and 33.5 nm, respectively. In comparison with the pure CA membranes, the porosity and the mean pore size of the composite membranes were increased by 86.5 % and 83.1 %, respectively.
Both of the tensile strength and elongation-at-break of the blended membranes were enhanced due to the addition of proper content of PEG 600. The tensile strength increased from 6.92 MPa of pure CA membranes to 7.92 MPa of the optimal membranes. The elongation-at-break of the optimal membranes could reach 7.2 %, compared with 6.4 % of the pure CA membranes.
